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ABSTRACT KEYWORDS

Apart from helping us understand past communities’ response to climate Past cultivars; resilience;
change and their plant management resilience mechanisms, archaeobotanical circular economy;
information may also serve as a basis to rethink our economic system and ethnobotany

implement new solutions to current challenges (e.g. re-adopt forgotten crops
or implement circular economy models). Already fragile by nature, the integrity
of archaeobotanical heritage is affected by current climate events, such as
changes in temperature and precipitation. One consequence is the loss of
precious knowledge about past economies and human-environment interac-
tions and its potential to inform us on questions relevant to the present and
future. With the Iberian Peninsula as an example, we present a thoughtful
insight into the manifold kind of information derived from archaeobotanical
assemblages and the harm in losing it. Finally, we call for action to fight against
climate change while drawing archaeologists’ attention to the importance of
protecting archaeobotanical heritage.

Introduction

The factors affecting the destruction of archaeological heritage and material are many, from
insufficient regulations and limited use of systematic excavation and sampling methodologies, to
looting of archaeological sites. The current climate crisis, which implies global warming and extreme
climate phenomena like floods, drought or wildfires, not only menaces the lifeways of most living
beings on Earth but also adds a new factor to the list. The consequence is a serious risk to the
traditional ways of life, considered the main way to preserve ecological diversity (e.g. Yin 2023) and
offer resilient alternatives to capitalism and westernized societies (e.g. Berkes, Folke, and Gadgil
1994), which are thus endangered. Those ways of life are accessible mainly through traditional
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ecological knowledge (TEK) and archaeology and will remain obscure if we do not make haste to
study, record and preserve as much information as possible. The TEK corpus of information has been
growing since the 1990s. Cultural globalization phenomena drew researchers’ attention to commu-
nities still holding any kind of traditional knowledge about ancestral uses of resources (mainly plants
and animals). One result, among others, has been the Nagoya Protocol (Secretariat of the
Convention on Biological Diversity, 2011) to ensure the equitable sharing of benefits stemming
from the use of genetic resources, and thus contributing to the conservation of biodiversity.

Biological and cultural heritage are intimately connected and thus the erosion of one of them
inevitably entails the loss of many aspects of the other (Emperaire 2000; Russell and Kueffer 2019).
However, archaeology has not yet developed an equivalent framework to enable the systematic
recovery of biological remains and safeguard the perishable archaeological record from the menace
of climate change. Studies drawing attention to the urgency of a specific protocol are quite recent
(Burke et al. 2021; d’Alpoim Guedes et al. 2016; Hudson et al. 2012). Furthermore, only a few of them
focus on areas where the effects of climate change are most pronounced, such as coastal or river
zones where sea-level rise is more imminent, or areas affected by glacial melting (Fenger-Nielsen
et al. 2020; Howard et al. 2008; Sitzia, Peters, and Lisci 2022).

Within archaeology, archaeobotany is particularly sensitive to information loss. This field is devoted to
the study of plant remains, including micro-remains (pollen, non-pollen palynomorphs or NPPs, phyto-
liths, starch grains) and macro-remains (mainly wood, underground storage organs, seeds, and fruits) (for
clarification of these concepts see the Glossary in the Supplementary material). Their functional differ-
ences within plants result in different types of archaeological information. Phytoliths, for instance, are
mainly representative of the vegetative parts of the plant (with the exception of the fruit core), and thus
are local indicators of their in situ presence, while pollen grains are only found in the flowers, and are
evidence of their presence through their propagation (Piperno 2006). All in all, these remains have in
common their fragility while displaying different degrees of preservation, and are evidence of past
vegetation, environment, food, fuel, medicine, or raw material (Pearsall 2015). As a result, these materials
are an invaluable source of information about many aspects of past societies’ organization, economy and
all kinds of maintenance activities that would remain unknown if we lost them.

By documenting the varied relationships that humans maintain with plants, ethnobotany is at the
convergence of much valuable yet threatened knowledge and practice. Therefore, ethnobotany
helps to better interpret the archaeobotanical record by shedding light on the actions and strategies
that cultures have applied to their own environment.

This article begins by reflecting on how climate change related phenomena are affecting or could
affect archaeobotanical remains, and then offers an insight into the potential of the main proxies of
archaeobotany to shed light on ecological biodiversity and human resource use, supported by
different examples from the Iberian Peninsula. The choice of the Iberian Peninsula as a study area
was not taken at random. In the first place, it is an area with very rich archaeological heritage and,
secondly, it is one of the regions, along with southern and south-eastern Europe, most affected by
extreme weather events (Carvalho, Cardoso Pereira, and Rocha 2021; Pereira, Carvalho, and Rocha
2021), together with other Mediterranean regions. For those reasons, it can be considered
a representative example of the potential risks that many areas will face in the next decades.

Finally, we call for action to mitigate the effects and fight against climate change.
Specifically, we wish to draw archaeologists’ attention to the importance of sampling and
recovery to protect archaeobotanical heritage, and we appeal to research institutions to
develop contingency plans and to the different policy makers to apply measures to slow
down the global warming process.
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Table 1. Overview of potential information, current threats and mitigation for each type of archaeobotanical

remain.

Type of remains

Potential information

Current threats

Mitigation strategy

Pollen
in dry
archaeological
sites

Pollen in wet
contexts

Phytoliths offsite

in wet contexts

Phytoliths in
burned
contexts

Phytoliths in
archaeological
sites

Wood charcoal

Waterlogged
macroremains

Dried

macroremains

Charred
macroremains

Frozen
macroremains

Vegetation and climate
reconstruction, environmental

changes, anthropogenic influence,

plant resources.
Vegetation and climate
reconstruction, environmental

changes, anthropogenic influence,

plant resources.

Plant management, cultivation,
vegetation reconstruction
(functional characteristics of the
vegetation), palaeoclimate
changes, human impact on
landscapes

Firing practices, pastures, slash and
burn, crops

Food, Cooking, Plants use, cultural
practices

Vegetation (arboreal forest cover),
anthropogenic impact, climatic
and environmental variations.
Wood uses for firewood and raw
material

Available resources. Food, medicine
and raw material with special
insight into plants (e.g.
oleaginous) that preserve badly
through drying/charring. Cultural
practices/preferences.

Available resources. Food, medicine
and raw material. Cultural
practices/preferences.

Available resources. Food, medicine
and raw material. Cultural
practices/preferences.

Available resources. Food, medicine
and raw material. Cultural
practices/preferences.

Partial loss of pollen and spores
due to the alternation of wet
and dry conditions and other
post-depositional processes

Desiccation with consequent loss
of pollen and spores

Flooding, soil washing, landslides

Soil disturbance

Flooding, soil washing, soil
disturbance

Sample processing unavailable
due to water crises

Desiccation due to extreme
drought events. Sample
processing unavailable due to
water crises

Deterioration due to unusual
storm/flood phenomena.
Sample processing unavailable
due to water crises

Fragmentation due to rapid
changes from dry to wet and
vice versa.
Washing/displacement
because of violent floods.
Sample processing unavailable
due to water crises

Deterioration due to thawing of
permafrost. Sample processing
unavailable due to water crises

Avoid erosion dynamics and
sampling in parallel to excavation

Preservation of humidity conditions if
possible and if not, sampling and
preservation of samples in
acceptable humidity conditions.
The obtention of cores could be an
efficient (and faster) strategy
against an immediate risk of
desiccation to obtain sediment
samples from wetlands to develop
palynological studies.

Micro sampling strategy
Coring or test pit sampling

Micro sampling strategy
Coring or test pit sampling

Urgent excavation of sites Micro
sampling strategy

Use water recycling systems

Evaluation of vulnerable sites. Urgent
excavation

Evaluation of vulnerable sites
because of geographical or
topographical location. Urgent
excavation

Evaluation of vulnerable sites
because of geographical or
topographical location. Urgent
excavation

Urgent excavation and study

Type of remains and how they may be affected by climate change

Climate change may affect the varied plant materials differently (Table 1). Diverse parts of the plant
may survive unevenly as plant tissues display differential longevity before becoming integrated in
the environment that would preserve them (Alonso 2000; Antolin 2016; Bux6, Pefta Chocarro, and
Piqué 2003). Extreme and stable conditions, with very cold temperatures or very dry environments,
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can preserve organic material by freezing or drying it, preventing decomposition processes of the
plant tissues (Badal et al. 2003; Zapata-Pefa 2002).

In the case of the taphonomy of phytoliths, the deposition once the plant dies, decays or burns is
considered in situ (Strdmberg et al. 2018). Although translocation or percolation processes are
generally considered imperceptible (Fishkis et al. 2010), they may be produced by extreme weather
events such as windstorms (Piperno 2006). Even if their silicious nature renders better preservation
compared to other archaeobotanical remains, they can be altered for instance by alkaline soils,
especially with a pH above 8 (Cabanes, Shahack-Gross, and Hardy 2015; Piperno 2006). While
phytoliths are resistant to most taphonomic processes, increases in pH are a factor that can lead
to their dissolution.

In the current context of climate change, extreme processes can cause still unknown abrupt
changes in soil pH that would have a differential effect depending on the morphotype and type of
phytolith decoration, extensively damaging the assemblages (Cabanes, Shahack-Gross, and Hardy
2015). pH normally increases with rising temperatures and declining rainfall (Gray, Bishop, and Smith
2015), which is precisely the case scenario in the Iberian Peninsula, and, in consequence, may
become a relevant bias for archaeological interpretations. In the specific case of the pyroarchaeo-
logical record, the effect of wetting-drying processes can be even more damaging. The pH of ash is
high per se, which is unfavourable for the preservation of phytoliths, and that can be aggravated by
the reaction of ash with water during, for example, the frequent presence of standing water that
follows torrential rain, damaging a large part of the preserved phytolith assemblages.

We have already seen how torrential rains may affect a given phytoliths assemblage; for instance,
at Cova Gran de Santa Linya (Lleida) (Mora et al. 2011), phytoliths studies have revealed the presence
of water seepage in the cave wall, which has altered the assemblages closest to the wall. This shows
that the phytoliths have suffered severe dissolution and fragmentation processes, which signifi-
cantly limits the archaeological interpretation of the Palaeolithic fires and the habitat structures
(Burguet-Coca 2020).

Additionally, the increase in fire events caused by both anthropogenic forest management and
global warming implies a significant impact on the micro-remains record. Also, after fires, alluvial
erosion events could affect palaeosoil and archaeological site preservation. Together with intense
rainfall, this affects the soil surface and favours the washing out of soil particles (loras, Bandara, and
Kemp 2014), which includes phytoliths. All these extreme weather events, such as heatwaves,
droughts, floods, and wildfires, are expected to increase in frequency, severity, and intensity
(Pereira, Carvalho, and Rocha 2021).

In turn, pollen assemblages embedded in sediments represent previous deposits from which the
vegetation of the past can be reconstructed. This idea assumes that modern vegetation, its pollen
rain, and its adaptive patterns are analogue to those in the past (Dincauze 2000). Several biostra-
tinomic factors could affect the palynological record, such as production, transport, and deposition,
which are specific to each pollen taxa (Hunt and Fiacconi 2018). After the deposition and burial,
some fossil-diagenetic agents can also alter the fossil pollen spectra, resulting in a distortion of the
original pollen rain in both natural and archaeological deposits (Lebreton et al. 2010).

The agents that cause alterations to pollen during its transport and after its deposition are
generally classified as mechanical, physicochemical, and biological (Bryant and Holloway 1983). In
addition to the phenomena of transport, sedimentation and fossilization, other processes related to
the differential characteristics of the pollen grain structure may determine the incidence of tapho-
nomic alterations. Although the outer wall of pollen grains, the exine, is made of an extremely
resistant biological material called sporopollenin, it can be compromised and deteriorate (Lebreton
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et al. 2010). This is the case of some grains with thinner exine (e.g. Juniperus sp. or Buxus
sempervirens L.)(that could be affected by a variety of disturbance factors (Campbell and
Campbell 1994)).

In any case, it seems that there is no doubt that a high degree of oxidation is an alteration mostly
linked to the incidence of fire in the pollen spectra, prior to its definitive burial. Fire is an extreme
case of oxidation, which destroys or damages pollen very rapidly when sufficient oxygen is available
(Lebreton et al. 2010). Furthermore, Bryant (1969), among others, established that high pH tends to
result in poor conservation of palynomorphs. In fact, certain chemical compounds, especially those
of a basic nature such as magnesium, potassium, sodium, and carbonates may degrade the pollen
wall (Havinga 1971).

Post-depositional damage may also be related to moisture fluctuations related to evaporative
processes, temperature, or hygrometry variations (Twiddle and Bunting 2010), or to alkaline/oxida-
tive environmental alternation (Tian et al. 2009), and could cause alterations of mechanical origin,
leading to a loss of the structural integrity of pollen (Campbell 1991). Some of these disruptive
agents can even affect pollen after sedimentation due to reworking or redeposition of sediments
(Campbell 1999).

Therefore, not all sediments are susceptible to containing pollen remains, with the most favour-
able to be those deposited under anoxic conditions, in extreme arid conditions (absence of
microorganisms) or in stable humidity and temperature conditions (i.e. cave records, Carrién et al.
2018; Ochando et al. 2020; Revelles et al. 2022). In that sense, degradation of pollen, like other
organic remains, is most affected by repeated wetting and drying rather than prolonged dryness
(Davis 1990). The effect of climate change on pollen preservation is influenced more by seasonal
variability in specific contexts rather than by the overall trend towards increasing aridity. In that
sense, climate change causing a stable warmer and more arid climate would not affect pollen
remain preservation, whereas more pronounced seasonality and prolonged summer drought would
affect certain deposits, like those in wetlands or ephemeral lagoons. The main consequence of this
kind of climate impact would be the lack of proper depositional conditions for the preservation of
pollen; in other words, it would affect future palynological studies. These changes in climate
conditions would not affect substantially the fossil record, perhaps only sub-recent material, due
to the fact that palynology works with long core sequences and climate change would affect the first
centimetres (or few metres), depths that past climate change has already affected, as in the case of
many lagoons and wetlands in the Mediterranean in the context of increasing aridity during the Late
Holocene (last 4200 years) (Burjachs et al. 2016; Revelles et al. 2015). Luckily, the expected impact of
climate change in the palaeopalynological record would be limited to specific cases, such as
archaeological sites in wetland areas which, although abundant in temperate Europe, are scarce
in the Mediterranean region.

In any case, the influence of taphonomic processes on the pollen record is not substantial enough
to prevent the reconstruction of the vegetation and climate context. Therefore, many of the
alterations we see in the pollen spectra do not imply that we cannot attempt palaeoenvironmental
reconstruction, provided that the climatic and environmental dynamics have not been overly
drastic. It does not appear that anthropogenic pressure was responsible for the loss of resolution
of the pollen record, although we can clearly see its traces in the transformation of the environment
(Carrién et al. 2009; Edwards et al. 2015; Revelles 2017). What we know is that, in the past, some
meteorological phenomena caused by an altered climatic context led to the loss of the palynolo-
gical record (Carrion et al. 2009; Hunt and Fiacconi 2018). It is therefore to be expected that the
biostratinomic and fossil-diagenetic processes linked to abrupt climate events, which are becoming
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more frequent, could contribute increasingly to the inevitable discontinuity of the pollen record: for
example, heavy rainfall causing floods and soil erosion.

In sum, micro-remains can be influenced greatly by the effects of climate change. Extreme
temperatures can translocate micro-remains such as phytoliths; intense rainfall can generate wet-
ting-drying processes that affect the pH where phytoliths are deposited and alter them chemically,
as well as harming the structural integrity of pollen; wildfire can cause an extraordinary contribution
of modern phytoliths or generate extreme oxidation processes that alter pollen; and changes in
temperatures can cause phenotypic changes in plants and modify pollen rain. All these extreme
weather events, such as heatwaves, droughts, floods, and wildfires, are expected to increase in
frequency, severity and intensity, especially in the Iberian Peninsula (Pereira, Carvalho, and Rocha
2021).

Regarding plant macro-remains, namely seeds, fruits, underground storage organs, wood and
charcoal, preservation constraints seem to affect them more drastically than they do micro-remains.
In water-saturated environments where there is little oxygenation, the action of bacteria and fungi is
inhibited, resulting in optimal preservation of plant matter (Jacomet 2013). The most common cases
are lake areas, peat bogs, levels below the water table (e.g. wells), and permanently humid clay
levels in some caves. These conditions allow the preservation of uncharred plant material in
different forms: leaves, roots, stems, branches, fruits, and seeds, but are scarce in the lberian
Peninsula. The few available cases provide an unmatched source of information, but their preserva-
tion is strongly conditioned by the water table level, which is constantly lowering across the
peninsula due to the decrease in seasonal rains.

Dry conditions are also a possible means of preservation for uncharred organic materials.
However, in the Iberian Peninsula, and the south Mediterranean region in general, they are reduced
to a few specific areas and assemblages, as explained below. Therefore, charring is in fact the most
common form of preservation, which takes place when plant remains reach a very high temperature
without sufficient oxygen to burn completely. The combustion temperature may depend on the
atmospheric conditions, the type of fuel and its state, the area where the fire was made (outdoors,
ovens, etc.). Instead of being burned to ashes, the organic components of the plant are converted
into archaeological material that is highly resistant to rotting. This charring can be accidental (during
food processing or uncontrolled fires) or intentional (because of litter disposal) (Zapata-Pefia 2002).

Once charred, seeds and fruits are preserved in virtually any type of substrate, so that their main
preservation problem is their fragility in combination with the post-depositional taphonomic
processes they may suffer. They are frequently located in the same place where they were burned
or spread to nearby occupation levels, providing additional information about the use of the site
(Badal et al. 2003; Zapata-Pefa 2002; Zapata-Pefa and Figueiral 2003).

When these conditions are fulfilled and an archaeological sampling protocol is applied, it is
possible to retrieve seeds, fruits and the different elements that are part of them (Zapata-Pefa and
Figueiral 2003). However, changes in humidity and even in water table levels, due to drought or
flooding processes derived from extreme climatic conditions, may affect waterlogged, dried, and
charred remains, limiting their recovery (Table 1). On another note, the most effective and usual
ways of sample processing, flotation, and water screening, require large amounts of water, espe-
cially during summer when most of the fieldwork takes place. For the Iberian Peninsula, that means
that, under the current drought emergency, the correct retrieval of archaeobotanical remains is
already conditioned from the first steps in their recovery. In these very days (February 2024), after
more than 1000 days of drought, the Catalan government has formally announced a state of
emergency, extending water restrictions to Barcelona and the surrounding region. Inhabitants of
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Barcelona have a daily consumption limit of 200 litres. A flotation machine requires almost twice this
volume of water per day (see e.g. Hunter and Gassner 1998). A possible solution is the adoption of
water recycling systems (e.g. Shelton and White 2010), which implies additional work and econom-
ical effort, but this solves the problem only partially.

An overview of potential information to be lost

Archaeology, as a discipline specialized in the study of past human behaviour, has developed
a series of tools that provide a valuable point of view to understand different issues related to
climate change. For instance, throughout history, humans adopted strategies to face constraints, as
proved by the evidence from archaeological sequences all over the world. They include cases of
both adaptation and extinction of populations as extremes in a range of possible situations. All of
them are helpful to make better predictions for our present and future.

One example is the wide array of strategies that humans have employed to maintain or increase
the carrying capacity of a particular environment. This heterogeneity in strategies is related to
cultural diversity (Burke et al. 2021). It is not fortuitous that higher biodiversity scores are generally
located in indigenous territories (Garnett et al. 2018). In consequence, more detailed knowledge of
some of these cases, through archaeology or TEK, will allow us to establish patterns of human-
landscape relationships that can be compared with the current situation, raising questions about
our own relation with the environment. From our discipline, this can be appreciated specifically in
the production of food: in most non-westernized societies food production/consumption is a highly
symbolic activity with different rituals associated. However, in westernized societies this activity has
become more pragmatic. In fact, much of the biodiversity loss is due to this utilitarian conception of
the natural world as a resource: not only animals but forests, minerals and other humans are
considered resources. Under this framework, archaeobotany and the study of TEK mutually enrich
and complement each other, especially, in those regions where continuity in occupations and/or
practices of resource management has been assessed. Previous studies have used current TEK to
interpret archaeobotanical assemblages and reconstruct the history of a particular human group
(e.g. Berihuete-Azorin 2010; Dilkes-Hall et al. 2019; Kasper and McBride 2012) or the other way
round: they dig into the origin of current TEK using archaeological and archaeobotanical informa-
tion (e.g. Biagetti et al. 2022; Lee, Kim, and Lee 2023).

In the archaeobotanical record, plant assemblages of all types are archives that furnish an
invaluable source of information about the relationship between plants and humans. Phytoliths,
together with other micro-remains (pollen, starch, diatoms, spherulites, etc.) are often the most
common remains of productive activities carried out by prehistoric communities at sites, such as the
storage and processing of plants for human consumption or the use of plant resources (Kadowaki
et al. 2015). The taxonomic ascription of phytoliths requires the application of geometric morpho-
metrics (Portillo et al. 2019) and has been developed mainly for domestic plants, such as wheat,
barley or barley grass (Ball, Ehlers, and Standing 2009). However, phytolith studies can provide
a broader insight into plant exploitation.

For instance, phytolith analysis from Cova Gran de Santa Linya (Les Avellanes, Lleida) shows the
presence of wood morphotypes in the combustion structures and an absence of tree leaf morphol-
ogies. This suggests that the wood was harvested when it was dead and had lost its leaves (Burguet-
Coca 2020). In several peninsular caves and rock-shelters, the study of phytoliths has been able to
characterize the main animal husbandry practices and animal diet (Alonso-Equiluz et al. 2023;
Bergada and Oms 2021; Burguet-Coca et al. 2020), while the presence of phytoliths at high
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mountain sites supports a reinterpretation of the arrival of Neolithic novelties in some regions
(Piqué et al. 2021; Rodriguez-Antén 2023).

Pollen, spores and palynomorphs are potentially preserved indefinitely, as demonstrated by their
retrieval in Precambrian rocks, in the case of their oldest manifestations: the so-called ‘acritarchs’
(e.g. Moczydlowska 1991; Xiao et al. 2022). However, the conditions for their preservation must be
ideal, and this is not common (see previous section).

For example, most archaeological sites in arid and temperate regions such as the Mediterranean
do not usually preserve pollen material in their sediments, and, at most, only a few NPPs. This matter
was the object of a synthesis for the Iberian Peninsula, detailing a large number of deposits analysed
up to that time (Carrion et al. 2009). Nonetheless, those sites where pollen material has been
preserved provide important information about the local landscape, its evolution during the
different phases of occupation, as well as the distribution of economic or social activities related
to the management or cultivation of particular plants. In this sense, palynological research carried
out at the Neolithic site of La Draga (Banyoles, see Figure 1) is the best example. Firstly, the
diachronic study of the pollinic material in the archaeological profiles enabled a reconstruction of
the evolution of the local landscape from the first Neolithic communities, and the environmental
impact of the establishment of this Neolithic settlement on the shores of the Banyoles Lake
(Revelles, Burjachs, and van Geel 2016). Secondly, the study of the spatial distribution of pollen
and NPPs allowed the identification of structures or areas of cereal processing (Charton 2022;
Revelles 2021; Revelles et al. 2017).

Multiple archaeobotanical studies, focused on seed and fruit remains, offer an overview of
plant use in the past in the Iberian Peninsula. For instance, in the Mediterranean area,
a certain pattern in the use and consumption of plant resources has been established for

1. La Draga

2. Abric Romani
3. Cova Gran

4. Cueva Sagrada
5. Cueva de los Murciélagos
6. Cueva de Nerja

7. Gorham's Cave

* Palaeolithic site

@ Recent prehistory site

Figure 1. Location of the sites mentioned in the text.
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the Palaeolithic and Mesolithic periods, including acorns (Quercus sp.), blackberries (Rubus
fruticosus L.), hazelnuts (Corylus avellana L.) and walnuts (Juglans regia L.). During the
Neolithic, a range of new species are identified, especially cereals, such as hulled and naked
barley (Hordeum vulgare L.- Hordeum vulgare L. var. nudum), wheat (Triticum turgidum L. subsp.
dicoccum, Triticum monococcum L. Triticum aestivum/durum L.) and pulses like lentils (Vicia lens
Coss. & Germ) or peas (Lathyrus oleraceus Lam.). During the Chalcolithic and early Bronze Age
the most significant change is the major exploitation of fruit trees like figs (Ficus carica L.) or
wild grapes (Vitis vinifera L. sp. sylvestris) (Martinez-Varea 2022). Geographical and chronologi-
cal variations in species may respond to different factors, such as cultural, social (humber of
people to be fed or able to collaborate in the gathering/cultivation), or technological (devel-
opment of the knowledge and access to tools) aspects but also could be due to landscape and
climatic transformations. Moreover, this information, combined with anthracology and pollen
data, may show which plants are native to a specific area, informing of potential ‘crops’
adapted to the climatic and edaphological conditions of a specific region, and therefore
more resilient and likely to survive.

Most of the remains supporting such interpretations have been preserved by charring and are
therefore quite stable and resistant to degradation caused by climatic phenomena (Table 1).
However, some key sites (see Figure 1), which are very special due to the kind of material preserved
and the type of preservation, may suffer under extreme flooding or drought events, as well as
wildfires. This is the case of Cueva de los Murciélagos (Granada) with the presence of desiccated
remains of ropes and basketry (including several pairs of sandals) (Martinez-Sevilla et al. 2023); or
Cueva Sagrada (Murcia) with remains of flax, esparto grass, and vine and acorn seeds (Ayala Juan
1987). At the other extreme, sites like La Draga with waterlogged anaerobic conditions, where many
tools and remains made of wood and plant fibres have been recovered, may suffer from changes in
the water table level (L6pez-Bulté and Piqué 2018; Lopez-Bulté et al. 2020).

On another note, wood can be preserved when carbonized, providing evidence of firewood and
past vegetation based on anthracological methods. Wood was the main source of fuel in the
Mediterranean area throughout different periods and, beyond taxonomic identification, other
avenues of research have been developed to identify firewood qualities using signs of decay and
diversity patterns (Allué and Mas 2020) or forest management (W. A. Out, Vermeeren, and Hanninen
2013; W. Out et al. 2020). Regional studies cover most of the Mediterranean and temperate regions
of Europe and Western Asia, whereas charcoal studies in other areas such as the tropics are still
incipient. We know that firewood was available and abundant during most periods at least in the
Mediterranean and temperate areas in northern latitudes. Also, other biofuels were used such as
pinecones identified at Gorham'’s Cave (Carridn et al. 2008) and Cueva de Nerja (Badal 1998) (see
Figure 1); grasses, bone or fats may have been used to supplement the main fuel supply, or
occasionally exploited for specific purposes (Madella et al. 2002; Marquer et al. 2010). Dung has
also been identified as a fuel source, whose use in some regions was associated with the increase in
livestock and wood scarcity (Lancelotti 2018; Shillito et al. 2022). During prehistory the emissions
produced by these fuels were probably affecting only individuals’ health through the inhalation of
smoke (Shillito et al. 2022). In contrast, the effects on the climate were probably minor; signs of
pollution have been recognized from the start of metallurgy onwards and increased during
historical periods (Nocete et al. 2005; Shillito et al. 2022). Anthracological studies have helped to
reconstruct wood selection processes, environmental conditions, and the use of space over time. For
example, in Abric Romani (Figure 1), hearths were structured in their morphologies, distribution and
association with other remains such as bone and lithic industry (Vallverdu et al. 2010). In this case,
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the recurrent exploitation of montane pine wood for fuel has been shown for successive occupa-
tions at the rock-shelter between ca 40 and 60 kr BP (Allué, Solé, and Burguet-Coca 2017)

Even though there is much more to learn from assemblages that have not yet been studied, the
corpus of information available is already quite large and at the same time the increasing use of big
data and machine-learning algorithms applied to archaeology is leading towards the creation of
huge repositories and relational databases. In the Supplementary Material we offer a more detailed
overview of this question.

Conclusions and future actions for a brand-new world

As shown, archaeobotanical remains provide a large volume of information that is a cornerstone in
the reconstruction and interpretation of our past and that may potentially enclose indications of
how humans have adapted to climate challenges in different periods. These data even furnish
detailed information about species that were used in the past and that may be more suited for local
use owing to greater climatic resilience and better adaptation capacity to small scale and local
management. In consequence, the loss of this substantial part of the palaeobotanical and micro-
archaeological record can make it difficult to understand both past human activities and the
reconstruction of their cultural landscapes.

The greatest threat to archaeobotanical remains preservation are human actions, such as
political and economic decisions concerning urban planning and the tourist industry, which
are agents seriously threatening the preservation of cultural (archaeological) and natural
(wetlands) heritage, in addition to other evident threats, such as wars and other social
conflicts.

However, the current climatic crisis, with its political, social and economic implications, is a new
risk for archaeological heritage in general, and for the naturally delicate archaeobotanical remains.
As archaeobotanists we are concerned about this situation and encourage administrations and
policymakers to take direct action by regulating the protection of all archaeological materials,
including archaeobotanical remains, and support with all possible means the correct excavation
and sampling of archaeological sites, especially those at higher risk of affectation by extreme
climatic events: waterlogged sites affected by alterations to the water table or river, lake and coastal
changes; dry sites affected by rapid changes in humidity or sites located on river banks or similar,
which could suffer from violent floods, as well as the destructive potential of wildfires.

On another scale, this urgency needs to be understood also by archaeologists in charge of
excavations, who need to integrate archaeobotanists in their teams and archaeobotanical sampling
in their fieldwork/scientific objectives, not as a complement, but as a basic and necessary source of
information. The scientific community is already concerned about the effects of the climate crisis
and how it will potentially impact life on Earth, and the archaeology community should explore,
prepare, and draw a line of action about how the discipline is going to be affected.

Lastly, we call on the wider community, students and the general public to engage with the wide
range of possible actions destined to draw attention and to change the course of events. Preserving
our planet is as important as preserving TEK and archaeological heritage, so that it continues to be
possible to live on it and there is room for enjoying art and heritage. There are already some
collectives working in mutual aid projects to support archaeologists (e.g. https://blacktrowelcollec
tive.wordpress.com/) as well as acting to draw the attention of society and states towards the
pressing necessity of a deep systemic change (e.g. https://scientistrebellion.com/.), because this
world is worth fighting for!


https://blacktrowelcollective.wordpress.com/
https://blacktrowelcollective.wordpress.com/
https://scientistrebellion.com/
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